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1
METHOD AND APPARATUS FOR
PERFORMING A CHANNEL
MEASUREMENT THROUGH A RECEIVING
END IN A WIRELESS COMMUNICATION
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the National Phase of PCT/KR2012/
003298 filed on Apr. 27,2012, which claims priority under 35
U.S.C. 119(e) to U.S. Provisional Application No. 61/505,
125 filed on Jul. 7, 2011, all of which are hereby expressly
incorporated by reference into the present application.

TECHNICAL FIELD

The present invention relates to a wireless communication
system, and more particularly, to a method for a receiving end
to perform a channel measurement in a wireless communica-
tion system and apparatus therefor.

BACKGROUND ART

3GPPLTE (3 generation partnership projecting long term
evolution) communication system is schematically described
for one example of a wireless communication system to
which the present invention is applicable.

FIG. 1 is a schematic diagram of E-UMTS network struc-
ture as an example of a wireless communication system.
E-UMTS (evolved universal mobile telecommunications sys-
tem) is the system evolved from a conventional UMTS (uni-
versal mobile telecommunications system) and its basic stan-
dardization is progressing by 3GPP. Generally, E-UMTS can
be called LTE (long term evolution) system. For the details of
the technical specifications of UMTS and E-UMTS, Release
7 and Release 8 of ‘3" Generation Partnership Project: Tech-
nical Specification Group Radio Access Network’ can be
referred to.

Referring to FIG. 1, E-UMTS consists of a user equipment
(UE) 120, base stations (eNode B: eNB) 110a and 1106 and
an access gateway (AG) provided to an end terminal of a
network (E-UTRAN) to be connected to an external network.
The base station is able to simultaneously transmit multi-data
stream for a broadcast service, a multicast service and/or a
unicast service.

Atleast one or more cells exist in one base station. The cell
is set to one of bandwidths including 1.25 MHz, 2.5 MHz, 5
MHz, 10 MHz, 15 MHz, 20 MHz and the like and then
provides an uplink or downlink transmission service to a
plurality of user equipments. Different cells can be set to
provide different bandwidths, respectively. A base station
controls data transmissions and receptions for a plurality of
user equipments. A base station sends downlink scheduling
information on downlink (DL ) data to inform a corresponding
user equipment of time/frequency region for transmitting
data to the corresponding user equipment, coding, data size,
HARQ (hybrid automatic repeat and request) relevant infor-
mation and the like. And, the base station sends uplink sched-
uling information on uplink (UL) data to a corresponding user
equipment to inform the corresponding user equipment of
time/frequency region available for the corresponding user
equipment, coding, data size, HARQ relevant information
and the like. An interface for a user traffic transmission or a
control traffic transmission is usable between base stations. A
core network (CN) can consist of an AG, a network node for
user registration of a user equipment and the like. The AG
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manages mobility of the user equipment by a unit of TA
(tracking area) including a plurality of cells.

The wireless communication technology has been devel-
oped up to LTE based on WCDMA but the demands and
expectations of users and service providers are continuously
rising. Since other radio access technologies keep being
developed, new technological evolution is requested to
become competitive in the future. To this end, reduction of
cost per bit, service availability increase, flexible frequency
band use, simple-structure and open interface, reasonable
power consumption of user equipment and the like are
required.

DISCLOSURE OF THE INVENTION
Technical Task

Based on the above-mentioned discussion, a method for a
receiving end to perform a channel measurement in a wireless
communication system and apparatus therefor shall be pro-
posed in the following description.

Technical Solution

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, a method of receiving a downlink signal,
which is received by a receiving end in a wireless communi-
cation system, according to one embodiment of the present
invention includes the steps of receiving information on at
least one antenna port of a reference signal for a control
channel and at least one antenna port of a reference signal for
a data channel from a transmitting end, receiving the control
channel based on the reference signal for the control channel,
and receiving the data channel based on the reference signal
for the control channel and the reference signal for the data
channel, wherein the atleast one antenna port of the reference
signal for the control channel is included in the at least one
antenna port of the reference signal for the data channel.

Preferably, the control channel is received in a 1°* slot of a
subframe and the data channel is received in a 2"/ slot of the
subframe or in both of the 1** slot and the 2" slot.

Preferably, the data channel receiving step may includes
the step of performing a channel measurement using the
reference signal for the control channel and the reference
signal for the data channel.

Preferably, the number of the at least one antenna port of
the reference signal for the control channel is different from
the number of the at least one antenna port of the reference
signal for the data channel as well as the at least one antenna
port of the reference signal for the control channel is included
in the at least one antenna port of the reference signal for the
data channel.

To further achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, a receiving apparatus in a wireless
communication system according to another embodiment of
the present invention includes a wireless communication
module configured to transceive a signal with a transmitting
device and a processor configured to process the signal,
wherein the wireless communication module receives infor-
mation on at least one antenna port of a reference signal for a
control channel and at least one antenna port of a reference
signal for a data channel from a transmitting end, wherein the
processor controls the wireless communication module to
receive the control channel based on the reference signal for
the control channel and receive the data channel based on the
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reference signal for the control channel and the reference
signal for the data channel, and wherein the at least one
antenna port of the reference signal for the control channel is
included in the at least one antenna port of the reference signal
for the data channel.

Advantageous Effects

According to an embodiment of the present invention, a
receiving end in a wireless communication can efficiently
perform a channel measurement.

Effects obtainable from the present invention are non-lim-
ited by the above mentioned effect. And, other unmentioned
effects can be clearly understood from the following descrip-
tion by those having ordinary skill in the technical field to
which the present invention pertains.

DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram of E-UMTS network struc-
ture as an example of a mobile communication system.

FIG. 2 is a diagram of structures of control and user planes
of a radio interface protocol between a user equipment and
E-UTRAN based on 3GPP radio access network specifica-
tion.

FIG. 3 is a diagram for explaining physical channels used
for 3GPP system and a general method of transmitting a
signal using the same.

FIG. 4 is a diagram for a configuration of a general multi-
antenna (MIMO) communication system.

FIG. 5 is a diagram for one example of a structure of a
downlink (DL) subframe used by LTE system.

FIG. 6 is a diagram of a resource unit used to configure a
control channel in an LTE system.

FIG. 7 is a diagram for one example of a structure of an
uplink (UL) subframe used in an LTE system.

FIG. 8 is a diagram for configurations of a relay backhaul
link and a relay access link in a wireless communication
system.

FIG. 9 is a diagram for one example of relay node resource
partition.

FIG. 10 and FIG. 11 are diagrams for structures of a down-
link reference signal in LTE system supportive of a downlink
transmission using 4 antennas.

FIG. 12 is a diagram for one example of downlink DM-RS
assignment currently defined in 3GPP standard document.

FIG. 13 is a diagram for one example of CSI-RS configu-
ration #0 in case of a normal CP among CSI-RS configura-
tions currently defined by 3GPP standard document.

FIG. 14 is a diagram for one example of a multi-node
system in a next generation communication system.

FIG. 15 is a diagram for one example of PDSCH scheduled
by E-PDCCH and E-PDCCH.

FIG. 16 is a diagram for one example of R-PDCCH trans-
mitted to a relay node.

FIG. 17 is a diagram to describe a problem possibly caused
by PDSCH assignment through E-PDCCH.

FIG. 18 is a diagram for one example of performing a
different channel measurement per antenna port in case that
an RS pattern available for each antenna port is different.

FIG. 19 is a block diagram for one example of a commu-
nication device according to one embodiment of the present
invention.

BEST MODE FOR INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
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4

illustrated in the accompanying drawings. The embodiments
described in the following description include the examples
showing that the technical features of the present invention
are applied to 3GPP system.

Although an embodiment of the present invention is exem-
plarily described in the present specification using the LTE
system and the LTE- A system, the embodiment of the present
invention is also applicable to any kinds of communication
systems corresponding to the above definitions. Although an
embodiment of the present invention is exemplarily described
with reference to FDD scheme in the present specification,
the embodiment of the present invention is easily modifiable
and applicable to H-FDD or TDD scheme.

FIG. 2 is a diagram of structures of control and user planes
of a radio interface protocol between a user equipment and
E-UTRAN based on 3GPP radio access network specifica-
tion. First of all, a control plane means a passage for trans-
mitting control messages used by a user equipment and a
network to mange a call. A user plane means a passage for
transmitting such data generated from an application layer as
voice data, internet packet data and the like.

A physical layer, i.e., a first layer, provides an information
transfer service to an upper layer using a physical channel.
The physical layer is connected to a medium access control
layer located above via a transport channel. Data are trans-
ferred between the medium access control layer and the
physical layer via the transport channel. Data are transferred
between a physical layer of a transmitting side and a physical
layer of a receiving side via a physical channel. The physical
channel uses time and frequency as radio resources. In par-
ticular, a physical layer is modulated in downlink by OFDMA
(orthogonal frequency division multiple access) scheme and
is modulated in uplink by SC-FDMA (single carrier fre-
quency division multiple access) scheme.

A medium access control (hereinafter abbreviated MAC)
layer of a second layer provides a service to a radio link
control (hereinafter abbreviated RLC) layer of an upper layer
via a logical channel. The RL.C layer of the second layer
supports reliable data transfer. A function of the RLC layer
can be implemented using a function block within the MAC.
A packet data convergence protocol (hereinafter abbreviated
PDCP) layer of the second layer performs a header compres-
sion function for reducing unnecessary control information to
transmit such an IP packet as IPv4 and IPv6 in a radio inter-
face having a narrow bandwidth.

A radio resource control (hereinafter abbreviated RRC)
layer located on a lowest level of a third layer is defined in a
control plane only. The RRC layer is responsible for control-
ling logical channel, transport channel and physical channels
in association with configuration, reconfiguration and release
of radio bearers (RBs). In this case, the RB means a service
provided by the second layer for a data transfer between a user
equipment and a network. To this end, the RRC layer of the
user equipment exchanges RRC messages with the RRC
layer of the network. In case that an RRC connection is
established between an RRC layer of a user equipment and an
RRC layer of a network, the user equipment is in a connected
mode. Otherwise, the user equipment is in an idle mode. NAS
(non-access stratum) layer above an RRC layer performs a
function of session management, a function of mobility man-
agement and the like.

One cell, which constructs a base station (eNB), is set to
one of bandwidths including 1.25 MHz, 2.5 MHz, 5 MHz, 10
MHz, 15 MHz, 20 MHz and the like and then provides an
uplink or downlink transmission service to a plurality of user
equipments. Different cells can be set to provide different
bandwidths, respectively.
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A downlink transport channel for transporting data to a
user equipment from a network includes a broadcast channel
(BCH) for transporting system information, a paging channel
(PCH) for transmitting a paging message, a downlink shared
channel (SCH) for transmitting a user traffic or a control
message or the like. A traffic or control message of a downlink
multicast or broadcast service can be transmitted via a down-
link SCH or a separate downlink multicast channel (MCH).
Meanwhile, an uplink transport channel for transmitting data
from a user equipment to a network includes a random access
channel for transmitting an initial control message, an uplink
shared channel (SCH) for transmitting a user traffic or a
control message or the like. A logical channel located above
a transport channel to be mapped by a transport channel
includes BCCH (Broadcast Control Channel), PCCH (Paging
Control Channel), CCCH (Common Control Channel),
MCCH (Multicast Control Channel), MTCH (Multicast Traf-
fic Channel) or the like.

FIG. 3 is a diagram for explaining physical channels used
by 3GPP system and a general signal transmitting method
using the same.

If a power of a user equipment is turned on or the user
equipment enters a new cell, the user equipment performs an
initial cell search for matching synchronization with a base
station and the like [S301]. To this end, the user equipment
receives a primary synchronization channel (P-SCH) and a
secondary synchronization channel (S-SCH) from the base
station, matches synchronization with the base station and
then obtains information such as a cell ID and the like. Sub-
sequently, the user equipment receives a physical broadcast
channel from the base station and is then able to obtain intra-
cell broadcast information. Meanwhile, the user equipment
receives a downlink reference signal (DL RS) in the initial
cell searching step and is then able to check a downlink
channel status.

Having completed the initial cell search, the user equip-
ment receives a physical downlink control channel (PDCCH)
and a physical downlink shared control channel (PDSCH)
according to information carried on the physical downlink
control channel (PDCCH) and is then able to obtain system
information in further detail [S302].

Meanwhile, if the user equipment initially accesses the
base station or fails to have a radio resource for signal trans-
mission, the user equipment is able to perform a random
access procedure (RACH) on the base station [S303 to S306].
To this end, the user equipment transmits a specific sequence
as a preamble via a physical random access channel
(PRACH) [S303] and is then able to receive a response mes-
sage via PDCCH and a corresponding PDSCH in response to
the preamble [S304]. In case of contention based RACH, it is
able to perform a contention resolution procedure in addition.

Having performed the above mentioned procedures, the
user equipment is able to perform PDCCH/PDSCH reception
[S307] and PUSCH/PUCCH (physical uplink shared chan-
nel/physical uplink control channel) transmission [S308] as a
general uplink/downlink signal transmission procedure. In
particular, the user equipment receives a downlink control
information (DCI) via PDCCH. In this case, the DCI includes
such control information as resource allocation information
on a user equipment and can differ in format in accordance
with the purpose of its use.

Meanwhile, control information transmitted/received in
uplink/downlink to/from the base station by the user equip-
ment includes ACK/NACK signal, CQI (channel quality indi-
cator), PMI (precoding matrix index), RI (rank indicator) and
the like. In case of the 3GPP LTE system, the user equipment
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6
is able to transmit the above mentioned control information
such as CQI, PMI, RI and the like via PUSCH and/or
PUCCH.

In the following description, MIMO system is explained.
First of all, MIMO (multi-input multi-output) is a method that
uses a plurality of transmitting antennas and a plurality of
receiving antennas. And, this method may be able to improve
efficiency in transceiving data. In particular, a transmitting or
receiving stage of a wireless communication system uses a
plurality of antennas to increase capacity or enhance perfor-
mance. In the following description, the MIMO may be called
‘multiple antennas (multi-antenna)’.

The MIMO technology does not depend on a single
antenna path to receive one whole message. Instead, the
MIMO technology completes data by putting fragments
received via several antennas together. If the MIMO technol-
ogy is adopted, a data transmission rate within a cell area
having a specific size may be improved or a system coverage
may be increased by securing a specific data transmission
rate. Moreover, this technology may be widely applicable to
a mobile communication terminal, a relay and the like.
According to the MIMO technology, it may be able to over-
come the transmission size limit of the related art mobile
communication which used to use a single data.

FIG. 4 is a diagram for a configuration of a multi-antenna
(MIMO) communication system explained in the description
of the present invention. N transmitting antennas are pro-
vided to a transmitting stage, while N receiving antennas are
provided to a receiving stage. In case that each of the trans-
mitting and receiving stages uses a plurality of antennas,
theoretical channel transmission capacity is increased more
than that of a case that either the transmitting stage or the
receiving stage uses a plurality of antennas. The increase of
the channel transmission capacity is in proportion to the num-
ber of antennas. Hence, a transmission rate is enhanced and
frequency efficiency can be raised. Assuming that a maxi-
mum transmission rate in case of using a single antenna is set
to R, the transmission rate in case of using multiple antennas
may be theoretically raised by a result from multiplying the
maximum transmission rate R, by arate increasing rate R, as
shown in Formula 1. In this case, R, is a smaller one of N,and
Ng.

R~=min(NyNgz) [Formula 1]

For instance, in an MIMO communication system, which
uses 4 transmitting antennas and 4 receiving antennas, it may
be able to obtain a transmission rate 4 times higher than that
of a single antenna system. After this theoretical capacity
increase of the MIMO system has been proved in the middle
01'90’s, many ongoing efforts are made to various techniques
to substantially improve a data transmission rate. And, these
techniques are already adopted in part as standards for the 3G
mobile communications and various wireless communica-
tions such as a next generation wireless LAN and the like.

The trends for the MIMO relevant studies are explained as
follows. First of all, many ongoing efforts are made in various
aspects to develop and research information theory study
relevant to MIMO communication capacity calculations and
the like in various channel configurations and multiple access
environments, radio channel measurement and model deriva-
tion study for MIMO systems, spatiotemporal signal process-
ing technique study for transmission reliability enhancement
and transmission rate improvement and the like.

In order to explain a communicating method in an MIMO
system in detail, mathematical modeling can be represented
as follows. Referring to FIG. 4, assume that N, transmitting
antennas and N, receiving antennas exist. First of all, regard-
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ing a transmission signal, if there are N, transmitting anten-
nas, N, maximum transmittable informations exist. Hence,
the transmission information may be represented by the vec-
tor shown in Formula 2.

S=[81,89, .0 s snpl” [Formula 2]

Meanwhile, transmission powers can be set different from
each other for transmission informations s, S5, . . . , Sy
respectively. If the transmission powers are setto P,, P, . ..
, P,,,, respectively, the transmission power adjusted transmis-

sion information can be represented as Formula 3.

§=[51,8, ..., Sy =[P s, Psss, ., Poysyl” [Formula 3]

And, § may be represented as Formula 4 using a diagonal
matrix P of the transmission power.

P, 0 S| [Formula 4]

Py

2
1}

Letus consider a case of configuring N /transmitted signals
Xy; Xas - - + 5 Xpy, Which are actually transmitted, by applying a
weight matrix W to a transmission power adjusted informa-
tion vector S. In this case, the weight matrix plays a role in
properly distributing each transmission information to each
antenna according to a transmission channel status and the
like. The transmitted signals are set to X;, X,, . . . , X5, may be
represented as Formula 5 using a vector X. In this case, W,
means a weight between an i transmitting antenna and a j”
information. And, the W may be called a weight matrix or a
precoding matrix.

[Equation 5]

Xi

X, NT
wir Y2 WiNg St
W2 W22 Wang 52
Wit Wiz Wing S
WNrpt Wnpzo oo Wpng || Swy
=Ws
= WPs

Generally, a physical meaning of a rank of a channel matrix
may indicate a maximum number for carrying different infor-
mations on a granted channel. Since a rank of a channel
matrix is defined as a minimum number of the numbers of
independent rows or columns, a rank of a channel is not
greater than the number of rows or columns. For example by
formula, a rank of a channel H (i.e., rank (H)) is limited by
Formula 6.

rank(H)=min(N;Ng)

Meanwhile, each different information sent by MIMO
technology may be defined as ‘transport stream’ or ‘stream’

[Formula 6]
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simply. This ‘stream’ may be called a layer. If so, the number
of transport streams is unable to be greater than a channel
rank, which is the maximum number for sending different
informations. Hence, the channel matrix H may be repre-
sented as Formula 7.

# of streams=rank(H)=min(N;Ng) [Formula 7]

In this case, ‘# of streams’ may indicate the number of
stream(s). Meanwhile, it should be noted that one stream is
transmittable via at least one antenna.

Various methods for making at least one stream correspond
to several antennas may exist. These methods may be
described in accordance with a type of MIMO technique as
follows. First of all, if one stream is transmitted via several
antennas, it may be regarded as spatial diversity. If several
streams are transmitted via several antennas, it may be
regarded as spatial multiplexing. Of course, such an interme-
diate type between spatial diversity and spatial multiplexing
as a hybrid type of spatial diversity and spatial multiplexing
may be possible.

FIG. 5 is a diagram for one example of a control channel
included in a control region of a single subframe in a down-
link (DL) radio frame.

Referring to FIG. 5, a subframe may include 14 OFDM
symbols. First 1 to 3 OFDM symbols may be used as a control
region and the rest of 13 to 11 OFDM symbols may be used as
a data region, in accordance with subframe configurations. In
the drawing, R1 to R4 indicate reference signals (RS) for
antennas 0 to 3, respectively. The RS may be fixed to a
predetermined pattern in a subframe irrespective of the con-
trol region or the data region. The control region may be
assigned to a resource, to which the RS is not assigned, in the
control region. And, a traffic channel may be assigned to a
resource, to which the RS is not assigned, in the data region.
Control channels assigned to the control region may include
PCFICH (Physical Control Format Indicator CHannel),
PHICH (Physical Hybrid-ARQ Indicator CHannel), PDCCH
(Physical Downlink Control CHannel) and the like.

The PCFICH is a physical control format indicator channel
and informs a user equipment of the number of OFDM sym-
bols used for PDCCH in each subframe. The PCFICH is
situated at a first OFDM symbol and is set prior to the PHICH
and the PDCCH. The PCFICH is constructed with four
resource element groups (REGs). Each of the REGs is dis-
tributed within the control region based on a cell ID. One
REG is constructed with four REs. In this case, the RE indi-
cates a minimum physical resource defined as ‘1 subcarrierx1
OFDM symbol’. A value of the PCFICH indicates a value of
‘1~3” or ‘2~4’ and is modulated by QPSK (quadrature phase
shift keying).

The PHICH is a physical HARQ (hybrid-automatic repeat
and request) indicator channel and is used in carrying HARQ
ACK/NACK for uplink transmission. In particular, the
PHICH indicates a channel for carrying DL, ACK/NACK
information for UL HARQ. The PHICH is constructed with 1
REG and is cell-specifically scrambled. The ACK/NACK is
indicated by 1 bit and then modulated by BPSK (binary phase
shift keying). The modulated ACK/NACK is spread by ‘SF
(spreading factor)=2 or 4°. A plurality of PHICHs mapped to
the same resource configure a PHICH group. The number of
the PHICHs multiplexed into the PHICH group is determined
depending on the number of spreading codes. And, the
PHICH (group) is repeated three times to obtain a diversity
gain in frequency domain and/or time domain.

The PDCCH is a physical downlink control channel and is
assigned to first n OFDM symbols of a subframe. In this case,
‘n’ is an integer equal to or greater than 1 and is indicated by
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the PCFICH. The PDCCH informs each user equipment or
UE group of resource allocation information on transport
channels PCH (paging channel) and DL-SCH (downlink-
shared channel), uplink scheduling grant, HARQ information
and the like. The PCH (paging channel) and the DL-SCH
(downlink-shared channel) are carried on the PDSCH. There-
fore, a base station or a user equipment normally transmits or
receives data via the PDSCH except specific control informa-
tion or specific service data.

Information indicating that data of the PDSCH is transmit-
ted to a prescribed user equipment (or a plurality of user
equipments), information indicating how the user equip-
ments receive and decode PDSCH data, and the like are
transmitted by being included in the PDCCH. For instance,
assume that a specific PDCCH is CRC masked with RNTI
(radio network temporary identity) ‘A’ and that information
on data transmitted using aradio resource ‘B’ (e.g., frequency
position) and transmission format information ‘C’ (e.g.,
transport block size, modulation scheme, coding information,
etc.) is transmitted via a specific subframe. If so, at least one
user equipment located in a corresponding cell monitors
PDCCH using RNTI information of its own. If there is at least
one user equipment having the RNTI ‘A’, the user equipments
receive the PDCCH and then receive PDSCH indicated by ‘B’
and ‘C’ through the information of the received PDCCH.

FIG. 6 is a diagram of a resource unit used in configuring a
control channel in LTE system. In particular, FIG. 6 (a) shows
a case that the number of transmitting antenna(s) of a base
station is 1 or 2. And, FIG. 6 (b) shows a case that the number
of transmitting antennas of a base station is 4. The cases
shown in FIG. 6 only differ from each other in RS (reference
signal) pattern but have the same method of configuring a
resource unit related to a control channel.

Referring to FIG. 6, a basic resource unit of a control
channel is REG. The REG includes 4 neighboring resource
elements (REs) except RS. The REG is indicated by a bold
line in the drawing. PCFICH and PHICH include 4 REGs and
3 REGs, respectively. PDCCH is configured by CCE (control
channel elements) unit and one CCE includes 9 REGs.

A user equipment is set to check M% (=L) CCEs, which
are contiguous to each other or arranged by specific rules, in
order to check whether PDCCH configured with I CCEs is
transmitted to the corresponding user equipment. The L
value, which should be considered by the user equipment for
PDCCH reception, may become a plural number. CCE sets,
which should be checked by the user equipment for the
PDCCH reception, are called a search space. For instance,
LTE system defines a search space as Table 1.

TABLE 1
Search space ;& Number of
Aggregation Size PDCCH

Type level L [in CCEs] candidates M DCI formats
UE- 1 6 6 0,1,1A,1B,2
specific 2 12 6

4 8 2

8 16 2
Common 4 16 4 0, 1A, 1C, 3/3A

8 16 2

In Table 1, CCE aggregation level L indicates the number
of CCEs configuring PDCCH, S, indicates a search space
of the CCE aggregation level L, and M indicates the num-
ber of PDCCH candidates supposed to be monitored in the
search space of the aggregation level L.
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The search space may be categorized into a UE-specific
search space accessible by a specific user equipment only and
a common search space accessible by all user equipments in
a cell. A user equipment monitors a common search space
having a CCE aggregation level setto 4 or 8 and a UE-specific
search space having a CCE aggregation level setto 1, 2, 4 or
8. And, the common search space and the UE-specific search
space may overlap each other.

A position of a 1 CCE (i.e., CCE having a smallest index)
in PDCCH search space given to a random user equipment for
each CCE aggregation level value may vary in each subframe
according to a user equipment. This may be called a PDCCH
search space hashing.

FIG. 7 is a diagram for one example of a structure of an
uplink (UL) subframe used by LTE system.

Referring to FIG. 7, a UL subframe may be divided into a
region for assigning PUCCH (physical uplink control chan-
nel) configured to carry control information and a region for
assigning PUSCH (physical uplink shared channel) config-
ured to carry user data. A middle part of a subframe is
assigned to the PUSCH and both side parts of a data region in
frequency domain are assigned to the PUSCH. The control
information carried on the PUCCH may include ACK/NACK
used for HARQ, CQI (channel quality indicator) indicating a
DL Channel state, an RI (rank indicator) for MIMO, an SR
(scheduling request) that is a UL resource allocation request,
and the like. The PUCCH for a single user equipment uses a
single resource block occupying a different frequency in each
slow within a subframe. In particular, a pair of resource
blocks assigned to the PUCCH experience frequency hop-
ping on a slot boundary. Specifically, FIG. 7 shows one
example that PUCCH (m=0), PUCCH (m=1), PUCCH
(m=2), and PUCCH (m=3) are assigned to the subframe.

Meanwhile, if a channel status between a base station and
a user equipment is poor, a relay node (RN) is installed
between base station and the user equipment in order to
provide a radio channel having a better channel status to the
user equipment. In addition, a relay node is introduced to a
cell edge region having a poor channel status to provide a
high-speed data channel and to extend a cell service area.
Thus, the relay node is being widely used to resolve the
problem of the propagation shade region in a wireless com-
munication system.

Compared to the conventional relay node having a
restricted function of a repeater capable of amplifying and
transmitting a signal, the latest relay node technology is being
developed to cover more intelligent functions. Moreover, the
relay node technology is the technology mandatory to reduce
the cost requisite for establishing more base stations and the
maintenance cost of a backhaul network in the next genera-
tion mobile communication system, to extend the service
coverage, and to raise a data processing rate. As the relay node
technology tends to be further developed, the necessity for a
relay node used in the conventional wireless communication
system to be supported by the new wireless communication
system is rising correspondingly.

As a relay node is introduced to play a role in forwarding a
link connection between a base station and a user equipment
in3GPP LTE-A (3rd generation partnership project long term
evolution-advanced) system, two kinds of links differing
from each other in attributes are applied to a UL carrier
frequency band and a DL carrier frequency band, respec-
tively. A connection link part established between the base
station and the relay node may be represented by being
defined as a backhaul link. If a transmission is performed by
FDD (Frequency Division Duplex) or TDD (Time Division
Duplex) using a downlink resource, it may be represented as
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a backhaul downlink. If a transmission is performed by FDD
or TDD using an uplink resource, it may be represented as a
backhaul uplink.

FIG. 8 is a diagram for configurations of a relay backhaul
link and a relay access link in a wireless communication
system.

Referring to FIG. 8, as a relay node is introduced to play a
role in forwarding a link connection between a base station
and a user equipment, two kinds of links differing from each
other in attributes are applied to a UL carrier frequency band
and a DL carrier frequency band, respectively. A connection
link part established between the base station and the relay
node may be represented by being defined into a relay back-
haul link. If a transmission is performed in a manner that a
backhaul link uses a DL frequency band resource (e.g., the
case of Frequency Division Duplex (FDD)) or a DL subframe
resource (e.g., the case of Time Division Duplex (TDD)), it
may be represented as a backhaul downlink. If a transmission
is performed in a manner that a backhaul link uses a UL
frequency band resource (e.g., the case of FDD) or a UL
subframe resource (e.g., the case of TDD), it may be repre-
sented as a backhaul uplink.

On the other hand, a connection link part established
between a relay node (RN) and a series of user equipments
may be represented by being defined into a relay access link.
If a transmission is performed in a manner that the relay
access link uses a downlink frequency band resource (e.g., the
case of FDD) or a downlink subframe resource (e.g., the case
of TDD), it may be represented as an access downlink. If a
transmission is performed in a manner that the relay access
link uses an uplink frequency band resource (e.g., the case of
FDD) or an uplink subframe resource (e.g., the case of TDD),
it may be represented as an access uplink.

A relay node (RN) can receive information from a base
station in a relay backhaul downlink and is able to transmit
information to the base station in a relay backhaul uplink. In
addition, the relay node can transmit information to the user
equipment in a relay access downlink or is able to receive
information from the user equipment in a relay access uplink.

Meanwhile, regarding a use of a band (or spectrum) of a
relay node, one case in which a backhaul link operates on the
same frequency band of an access link may be referred to as
‘in-band’, and the other case in which a backhaul link oper-
ates on a frequency band different from that of an access link
is referred to as ‘out-band’. In both of the above-mentioned
two cases of the in-band and the out-band, it is necessary for
a user equipment (hereinafter named a legacy user equip-
ment) operating in a legacy LTE system (e.g., Release-8) to
access a donor cell.

Relay nodes may be classified into a transparent relay node
and a non-transparent relay node by depending on whether a
user equipment recognizes the relay node. In particular, the
‘transparent’ may mean a case that a user equipment is unable
to recognize whether the user equipment communicates with
a network through a relay node. And, the ‘non-transparent’
may mean a case that a user equipment is able to recognize
whether the user equipment communicates with a network
through a relay node.

Regarding controls of a relay node, relay nodes may be
classified into one relay node configured as a part of a donor
cell and another relay node capable of controlling a cell by
itself.

Although the relay node configured as a part of the donor
cell may have a relay node identifier (ID), the relay node does
not have a cell identity of its own. If at least one portion of
RRM (Radio Resource Management) is controlled by a base
station having the donor cell belong thereto (despite that the
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rest of the RRM is located at the relay node), the above-
mentioned relay node may be considered as a relay node (RN)
configured as a part of the donor cell. Preferably, this relay
node can support a legacy user equipment. For example,
smart repeaters, decode-and-forward relays, various species
of L2 (2" layer) relay nodes, and type-2 relay nodes may
correspond to the above-mentioned relay nodes.

Regarding a relay node configured to self-control a cell,
this relay node controls one or more cells, a unique physical
layer cell identity is provided to each cell controlled by the
relay node, and the same RRM mechanism may be usable. In
aspect of a user equipment, there is no difference between
accessing a cell controlled by arelay node and accessing a cell
controlled by a general base station. Preferably, a cell con-
trolled by the above-mentioned relay node may be able to
support a legacy user equipment. For example, a self-back-
hauling RN, an L3 (3"“layer) relay node, a type-1 relay node,
and a type-1a relay node may correspond to the above-men-
tioned relay nodes.

The type-1 relay node plays a role as an in-band relay node
in controlling a plurality of cells, and a user equipment may
consider each of the cells as a separate cell discriminated from
a donor cell. Moreover, each of a plurality of the cells has a
physical cell ID (defined in LTE Release-8) of its own and the
relay node may transmit a synchronization channel ofits own,
a reference signal and the like. In case of a single-cell opera-
tion, a user equipment may directly receive scheduling infor-
mation and HARQ feedback from a relay node and may
transmit a control channel (scheduling request (SR), CQI,
ACK/NACK, etc.) of its own to a relay node. Moreover,
legacy user equipments (e.g., user equipments operating in
LTE Release-8 system) may consider the type-1 relay node as
a legacy base station (e.g., a base station operating in the LTE
Release-8 system). In particular, the type-1 relay node has
backward compatibility. Meanwhile, in aspect of user equip-
ments operating in LTE-A system, the type-1 relay node is
considered as a base station different from a legacy base
station, whereby performance thereof can be enhanced.

The type-larelay node is operated in the out-band, and has
the same features as those of the type-1 relay node. Operation
of the type-1a relay node may be configured to minimize (or
eliminate) the influence on 1.1 (1* layer) operation.

Thetype-2 relay node corresponds to an in-band relay node
but has no separate physical cell ID not to form anew cell. The
type-2 relay node is transparent to a legacy user equipment
and the legacy user equipment is unable to recognize the
presence of the type-2 relay node. Although the type-2 relay
node is able to transmit PDSCH, it may not transmit CRS and
PDCCH at least.

Meanwhile, in order for a relay node to operate in in-band,
prescribed resources in time-frequency space must be
reserved for a backhaul link and these resources may be
configured not be used for an access link. This configuration
may be called ‘resource partitioning’.

The general principles related to the resource partitioning
in a relay node may be described as follows. First of all, a
backhaul downlink and an access downlink may be multi-
plexed together on a single carrier frequency b